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Sulfate Rising: Observational Analysis of Dramatic Diabatic Lofting
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532 nm Total Attenuated Backscatter, km™ sr”

Raikoke Volcanic Cloud (VC) on 22 June
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-08-04 23:28:27.6 to 2019-08-04 23:41:56.3 Version: 3.40 Standard Nighttime
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IASI SO, Mass (Day and Night),
Backward animation
4 August — 20 June
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IASI SO, Mass (Day and Night),
Forward Animation
20 June — 29 August
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532 nm Total Attenuated Backscatter, km” sr”

UTC: 2019-06-25 14:24:33.7 to 2019-06-25 14:36:13.8 Version: 3.40 Standard Daytime
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532 nm Total Attenuated Backscatter, km™ sr’
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Smoothed over latitudes: 54.0 to 57.0,

532 nm Total Attenuated Backscatter, km” sr’ UTC: 2019-07-02 15:33:16.6 to 2019-07-02 15:44:56.7 Version: 3.40 Standard Daytime .
. . . " " longitudes: 164.0 to 163.0
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Lagrangian Connection

29 June 3-day forward trajectories 2 July

Source » at 55.00 N 142.06 E

Meters MSL

Job ID: 14383 Job Start: Mon Aug 26 14:20:27 UTC 2019
Source 1 lat.: 55.000000 lon.: 142.060000 heights: 15000, 15500 m AMSL

Trajectory Direction: Forward  Duration: 72 hrg
Vertical Motion Calculation Method: Isentropic
Meteorology: 00002 28 Jun 2019 - GDAS1




532 nm Total Attenuated Backscatter, km” sr”

UTC: 2019-07-04 15:10:39.9 to 2019-07-04 15:22:20.0 Version: 3.40 Standard Daytime
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-07-05 14:10:06.2 to 2019-07-05 14:21:45.6

Version: 3.40 Standard Daytime
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532 nm Total Attenuated Backscatter, km” sr”

UTC: 2019-07-06 13:09:31.1 to 2019-07-06 13:21:11.2 Version: 3.40 Standard Daytime
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532 nm Total Attenuated Backscatter, km” sr”
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UTC: 2019-07-07 12:08:56.7 to 2019-07-07 12:20:36.8 Version: 3.40 Standard Daytime
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532 nm Total Attenuated Backscatter, km” sr”

UTC: 2019-07-08 12:46:53.8 to 2019-07-08 12:58:33.9 Version: 3.40 Standard Daytime
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Smoothed over latitudes: 60.0 to 62.0,

532 nm Total Attenuated Backscatter, km”'sr' UTC: 2019-07-11 14:40:43.8 to 2019-07-11 14:52:23.8 Version: 3.40 Standard Daytime .
_ " longitudes: 180.0 to 179.0
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-07-12 15:18:40.2 to 2019-07-12 15:30:20.2 Version: 3.40 Standard Daytime
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-07-13 16:08:17.4 to 2019-07-13 16:21:46.1 Version: 3.40 Standard Nighttime
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532 nm Total Attenuated Backscatter, km™ sr”
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-07-21 14:37:38.5 to 2019-07-21 14:51:07.2 Version: 3.40 Standard Nighttime
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532 nm Total Attenuated Backscatter, km™ sr” UTC: 2019-07-24 14:52:55.8 to 2019-07-24 15:06:24.5 Version: 3.40 Standard Nighttime
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Smoothed over latitudes: 41.0 to 43.0,

532 nm Total Attenuated Backscatter, km™” sr’ UTC: 2019-07-24 14:52:55.8 to 2019-07-24 .
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UTC: 2019-07-30 18:40:23.6 to 2019-07-30 18:53:52.3 Version: 3.40 Standard Nighttime

532 nm Total Attenuated Backscatter, km™ sr”
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-08-04 23:28:27.6 to 2019-08-04 23:41:56.3 Version: 3.40 Standard Nighttime
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Sede Boker (Israel) MPL (Judd Welton, MPLNET PI)
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-08-06 00:06:21.4 to 2019-08-06 00:19:50.1 Version: 3.40 Standard Nighttime
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532 nm Total Attenuated Backscatter, km™ sr”
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532 nm Total Attenuated Backscatter, km” sr”
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532 nm Total Attenuated Backscatter, km™ sr”
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2019-08-18 12:36:40.3 to 2019-08-18 12:50:09.0 Version: 3.40 Standard Nighttime
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IASI SO,, Subtropical Pacific Ocean, 19 August 2019
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GOES 17 Visible, Subtropical Pacific Ocean, 19 August 2019
animation illuminates Raikoke VC

Optical depth: Raikoke sulfate plume is VISIBLE after ~¥2 months




Enhanced for easier
detection.
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Optical depth: Raikoke sulfate plume is VISIBLE after ~2 months.




532 nm Total Attenusted Backscatter, km' sr”
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Smoothed over latitudes: 25.0 to 33.0,

532 nm Total Attenusted Backscatter, km' sc”  UTC: 2019-08-25 20:18:54.6 to 2019-08-25 20:32:23.3 Version: 3.40 Standard Nighttime
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532 nm Total Attenuated Backscatter, km” sr’
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Raikoke VC on 31 August 2019. MPL detection at Tenerife.
- Layer to 25 km (627 K).
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532 nm Total Attenuated Backscatter, km'sr' UTC: 2019-09-15 23:37:47.2 to 2019-09-16 00:00:05.6 Version: 3.40 Expedited

VC to 26 km (645 K), 15 Sep 2019
- over Egypt
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532 nm Total Attenuated Backscatter, km" sr' UTC: 2019-09-18 02:37:49.8 to 2019-09-18 03:00:00.1 Version: 3.40 Expedited

VC to 26 km, 18 Sep 2019
- over northwest Africa
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El Chichon VC, October 1982.
- McCormick and Swissler (GRL, 1983).
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Conclusions and Questions
- Raikoke sulfate VC rose diabatically from 15-26 km (>250K)

- VC AOD, compactness and meteorology conspired to permit tracking
- Rise was quasi-continuous from outset ~
- Rise occurred over oceans and continents

- Rise occurred over mid-latitudes and subtropics

- Approx. due west trajectory over 2+global circuits
- No apparent influence of pyroCb smoke

? First time such a diabatic excursion observed ?

? How much did the rest of Raikoke VC rise ?

? How does this comport with historical VC ?

? How well can models simulate Raikoke transport ?

? What did we get wrong or miss?
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532 nm Total Attenuated Backscatter, km'sr' UTC: 2019-09-21 07:52:35.0 to 2019-09-21 08:15:08.3 Version: 3.40 Expedited

VC to 26.5 km, 21 Sep 2019
- Gulf of Mexico
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